The formation of an allopolyploid species involves the merger of two genomes with separate 19 evolutionary histories. In allopolyploids, genes derived from one progenitor species are often 20 expressed at higher levels than those from the other progenitor. It has been suggested that this 21 could be due to differences in transposable element (TE) content among progenitors, as 22 silencing of TEs can affect expression of nearby genes. Here, we examine the role of TEs for 23 expression biases in the widespread allotetraploid Capsella bursa-pastoris and in diploid F1 24 hybrids generated by crossing Capsella orientalis and Capsella rubella, two close relatives of 25 the progenitors of C. bursa-pastoris. As C. rubella harbors more TEs than C. orientalis, we 26 expect C. orientalis alleles to be expressed at higher levels if TE content is key for expression 27 biases. To test this hypothesis, we quantified expression biases at approximately 5800 genes 28 in flower buds and leaves, while correcting for read mapping biases using genomic data. 29
was suggested that silencing of TEs through the RdDM pathway might also be of general 68 importance for establishing patterns of homeolog expression bias in allopolyploids (Freeling 69 et al 2012) . Under this model, silencing of TEs results in preferential expression of genes 70 present on the subgenome that harbors fewer TEs in the vicinity of genes. In allopolyploids, 71 as well as in diploid hybrids, we would thus expect to see a higher relative expression of 72 genes from the progenitor that has a lower content of TEs near genes, and/or a lower efficacy 73 of silencing of TEs. 74
The crucifer genus Capsella is a suitable system for testing for a role of TEs in 75 establishing homeolog expression biases. The Capsella genus contains three diploid species 76 (Chater et al 1993); the outcrosser Capsella grandiflora and the selfers Capsella orientalis 77 and Capsella rubella, as well as the tetraploid Capsella bursa-pastoris, which has a nearly 78 worldwide distribution as a highly successful weed (Hurka and Neuffer 1997) . C. bursa-79 pastoris is a highly self-fertilizing tetraploid with disomic inheritance, i.e. the two 80 homeologous subgenomes are independently inherited. We have recently shown that C. 81 ! 5 bursa-pastoris differ in their efficacy of silencing TEs, or if polyploidy has additional effects 93 on gene expression. 94
Here, we tested these hypotheses by assessing homeolog-specific expression (HSE) in 95 the tetraploid C. bursa-pastoris and allele-specific expression (ASE) in diploid hybrids 96 generated by crossing two diploid close relatives of the progenitors of C. bursa-pastoris, 97 namely C. rubella and C. orientalis. We generated deep transcriptome and genomic 98 sequencing data and mapped against parental haplotypes to reduce mapping bias. Deep 99 transcriptome sequencing data was analyzed to quantify expression biases in flower buds and 100 leaves of both natural allopolyploids and diploid hybrids, while correcting for technical 101 variation and read mapping biases using genomic data. This allowed us to test for a 102 directional shift in expression of alleles from each progenitor lineage and to test whether 103 expression biases are associated with TE insertions near genes. Finally, we assessed to what 104 extent homeolog expression biases in allopolyploids reflected cis-regulatory divergence 105 among the diploid progenitors. Our results are important for an improved understanding of 106 the processes that govern expression evolution upon hybridization and allopolyploidization in 107 plants. 108 ! 6 32x) for all included individuals as well as the C. orientalis and C. rubella parents of the 121 diploid F1 hybrids (Table S4) . 122
We took several steps to avoid effects of read mapping artifacts in our analyses of 123 ASE in the diploid hybrids, and HSE in the tetraploids. First, we mapped RNAseq data to 124 parental haplotypes reconstructed based on genomic data, and conducted stringent filtering to 125 avoid inclusion of low-confidence SNPs, as in Steige 
Variation in homeolog-specific expression within C. bursa-pastoris 163
The differences among C. bursa-pastoris accessions in the direction of homeolog expression 164 bias prompted us to investigate the degree of variation in HSE in C. bursa-pastoris ( Figure 5 ). 165
While all four C. bursa-pastoris accessions had evidence for HSE (defined as posterior 166 probability of HSE ≥ 0.95) at a total of 1190 genes in flower buds and 1321 genes in leaves 167 (Table 1) , there were differences in the direction of homeolog expression bias among 168 accessions for approximately half of these genes (51.9% in flower buds and 52% in leaves). We further considered whether there was evidence for organ-specific silencing of 179 homeologs in C. bursa-pastoris. Out of a total of approximately 5417 genes that could be 180 assessed in both leaves and flowers of C. bursa-pastoris, on average only 1.59% showed 181 evidence of organ-specific silencing of one homeolog or the other, suggesting organ-specific 182 silencing is not very frequent in the young tetraploid C. bursa-pastoris. 183 184
Allele-specific expression in diploid hybrids 185
We next assessed allele-specific expression in the diploid F1 hybrids. In the C. orientalis x C. 186 rubella F1s, there was evidence for ASE at a somewhat lower proportion of genes than in C. 187 bursa-pastoris, 51.3% in flower buds, and 40.7% in leaves (Table 1 ). In the F1s, we would 188 expect C. orientalis alleles to be expressed at higher levels than C. rubella alleles under a 189 simple model where TE content affects cis-regulatory divergence as well as homeolog 190 expression bias. Our results do not agree with this prediction. Instead, for genes with strong 
Weak association between expression bias and TE insertions 197
To further examine the possible impact of TEs on expression divergence, we tested for an 198 association between the presence of significant expression biases and TE insertions. We first 199 identified TE insertions using genomic data from F1s, their C. rubella and C. orientalis in C. rubella than in C. orientalis (Table 2, Table S5 ), and C. bursa-pastoris harbored slightly ! 9 fewer TE insertions than the diploid F1 hybrids ( Table 2, Table S6 ). In diploid hybrids, Gypsy 204 was most abundant among heterozygous TEs, whereas Copia insertions were the most 205 common among TEs called as heterozygous in C. bursa-pastoris (note that these likely 206 correspond to TE insertions that differ among C. bursa-pastoris subgenomes, as C. bursa-207 pastoris is highly selfing and has disomic inheritance and is thus expected to be highly 208 homozygous at each homeologous locus) ( Table 2 , Supplementary Table S6 ). 209
While there was an association of ASE and heterozygous TEs in some diploid hybrids 210 and C. bursa-pastoris accessions, patterns differed among individuals and accessions, and the 211 strength of association was relatively weak ( Figure 6 ). This does not seem to be a general 212 result of reduced power due to the lower number of genes analyzed here than in Steige et al 213 (2015a), because these results hold when analyzing a larger set of genes (~13,000 genes) in 214 the diploid F1s (Table S7 ). Moreover, while there was a significant effect on heterozygous 215
TEs on nearby gene expression in diploid F1s ( Figure S3 ) the effect size was generally small 216 ( Figure S3 , Figure S4 , Table S8 ) and not significant after multiple testing correction. Overall, 217 the association between expression bias and TEs was therefore weaker than that previously 218 Our results are not easily reconciled with a major role for differences in TE content in 258 determining cis-regulatory divergence and/or homeolog expression biases in this set of species, and suggest that other factors must be taken into account. These results are therefore 260 similar to those in a recent study of ancient polyploid cotton, where the effect of TEs on gene 261 expression were found to be small (Renny-Byfield et al 2015). 262
One factor that could be important in explaining our observations is differences in the 263 efficacy of silencing of TEs. In a previous study of C. grandiflora x C. rubella F1s, we found 264 no evidence for a difference in silencing efficacy, based on the proportion of uniquely 265 mapping 24-nt small RNAs derived from C. rubella or C. grandiflora, and in that study, there In sum, the results from this study suggest that differences in TE content alone are not 304 sufficient to explain homeolog-specific expression in C. bursa-pastoris, or cis-regulatory 305 changes between C. orientalis and C. rubella, and that future studies should investigate the 306 role of differences in TE silencing efficacy as well as a broader set of other factors that could 307 affect expression divergence in these species. These results are important for a more general 308 understanding of the underpinnings of cis-regulatory divergence in plants. 309 310 Methods 311
Plant Material 312
We included four accessions of C. bursa-pastoris from northern and southern Europe and 313 from China. These samples come from the different geographical areas in which separate ! 13 2016) ( Supplementary Table S1 ). In addition, we generated two interspecific diploid hybrids 316 with a genome composition similar to that of C. bursa-pastoris by crossing two C. orientalis 317 accessions with two accessions of C. rubella (all accessions originate from different 318 populations; Table S2 ). 319
To avoid accidental self-pollination when crossing C. orientalis and C. rubella, we 320 emasculated young flower buds before self-fertilization could occur, and hand-pollinated 321 flower buds about three days later. Both crosses had C. orientalis as seed parent and C. For transcriptome reads, we gained a total of 317.6 Gbp (Q≥30) with an average of 346 8.8 Gbp per sample ( Supplementary Table S3 ), for genomic reads we a total of 80.2 Gbp 347 (Q≥30) with an average of 8.9 Gbp per sample ( Supplementary Table S4 ). All data generated 348 was uploaded to ENA and can be accessed under project PRJEB12117. The genomic data of 349 
